Substitution of valine for leucine 305 in factor VIIa increases the intrinsic enzymatic activity.
Factor VII requires the cleavage of an internal peptide bond and the association with tissue factor (TF) to attain its fully active factor VIIa (FVIIa) conformation. The former event alone leaves FVIIa in a zymogen-like state of relatively low specific activity. We have designed a number of FVIIa mutants with the aim of mimicking the effect of TF, that is, creating molecules with increased intrinsic (TF-independent) enzymatic activity. Based on a possible structural difference between free and TF-bound FVIIa (Pike, A. C. W., Brzozowski, A. M., Roberts, S. M., Olsen, O. H., and Persson, E. (1999) Proc. Natl. Acad. Sci. U. S. A. 96, 8925--8930), we focused on the helical region encompassing residues 307-312 and residues in its spatial vicinity. For instance, FVIIa contains Phe-374 and Leu-305, whereas a Phe/Tyr residue in the position corresponding to 374 in homologous coagulation serine proteases is accompanied by Val in the position corresponding to 305. This conceivably results in a unique orientation of this helix in FVIIa. Substitution of Val for Leu-305 in FVIIa resulted in a 3--4-fold increase in the intrinsic amidolytic and proteolytic activity as compared with wild-type FVIIa, whereas the activity in complex with soluble TF remained the same. In accordance with this, L305V-FVIIa exhibited an increased rate of inhibition as compared with wild-type FVIIa, both by d-Phe-Phe-Arg-chloromethyl ketone and antithrombin III in the presence of heparin. The increased FVIIa activity upon replacement of Leu-305 by Val may be mediated by a movement of the 307--312 helix into an orientation resembling that found in factors IXa and Xa and thrombin. The corresponding shortening of the side chain of residue 374 (Phe --> Pro) had a smaller effect (about 1.5-fold increase) on the intrinsic activity of FVIIa. Attempts to increase FVIIa activity by introducing single or multiple mutations at positions 306, 309, and 312 to stabilize the 307-312 helix failed.